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Consideration of monthly and annual means, totals 
and extremes of the various meteorological elements is 
merely the beginning in the study of the climate of a 
place. As instances of progress toward more detailed 
analysis of our records we have Professor Marvin’s 
pro osal to use the week as a t r h e  unit for the grouping 

and we have an increasing number of investigations of 
the frequencies of the different meteorological elements. 

of i; ata; we have studies of hourly precipit.ation data: 

Clear. - - - - _ _ _  _ _  . ~ - _ _  _ _  _______-______ I  0-3 tenths o! sky cloud-covored. 
Partly cloudy _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I 1-7 tenths of sky cloudcovered. 
Cloudy _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  8-10 tenths of sky cloudcovered. I 

THE NEED O F  STUDYINQ COMBINATIONS O F  ELEMENTS 

. Dr. C. F. Brooks has pointed out a that in studying 
the average conditions, ‘ * * * we have some idea 
of the climate, but we have not got a correct. I-:ic.ture. 
How are these elements interrelated in their modes of 
occurrence8 Are the cold days always dr 2 If not, 

much more severe on cloudy, wet, windy clays t,han 
on clear quiet ones. Wit’h a given set of temperatures. 
and one of winds, for example, the climate would be a 
much severer one if all the cold days were windy and all 
the warm days quiet, than if all the coId days were quiet. 
and all the warm ones windy. Yet the data as presented 
would not show this.” 

He then suggests that 10 or 20 classes of weather be 
specified in terms of de reps or intensities of sunshine, 

and wind velocity. No two classes should overlap, yet 
the classes should include all conditions that can occur. 
E. g., one class mi h t  be: “Sunny-Hot-Humid- 
and-Wind ,” in whic fl sunny meant less than half the 
sky coverei witsh clouds; hot, a temperature above a 

e; humid, a humidity above a certain value: 
and win y, a wind velocit above a certain speed. 
Now if there are only two c asses of each of these four 
elements, 16 combinations are possible; and if three 
classes of temperature are specified there will be 2.1 
classes by the vaiious Combinations, with two each of 
the other three. 

More attention given to the combinations of climato- 
logical elements, as Doctor Brooks suggests, will un- 
doubtedly produce valuable results. We may consider 
in the same way not only daily weather, hut comhina- 
tions for other feriods as well: thus, we may study the 
frequencies of months having certain charackeristics 
according to the scal+how many Julys are hobhumid- 
sunny-windy, how many are cool-dry-sunny-quiet. etc. 

oup by Howe and Swit.zer, data 
for hunii : ity and sunsgne are necessarily replaced by 
those for preci itation, which can, of course, very in- 
adequately f d U  the requirements. For at least two 
other reasons, moreover, we must o still further if we 

First, the scales suggested by the above-nmez writers 
are of necessity so coarse as to obscure iniport.ant varia- 
tions, particular1 if they bo intended to apply to d 

scale of weather types, havin 10 temperature divlsions, 

(or cloudiness). This scale provides for 720 different 
types of weather. 

what proportion are wet? The effects of t i!l e cold are 

tempera.ture, rainfall or fl umidity (relative or absolute), 

certain fir i? 

In  the apers of this 

are to get the most out of a study o 9 weather ty es: 

climates. There P ore, I have designed a niuch. finer 

six of relative humidity, 4 o f wind, and 3 of sqnshine 

-. 
I Presented before the American Meteorological Society at 8tanfOId University, June 
1 In &urn on Climatology and Climetea of the World, Home Study Department, 

M, 1924 

Clark Universlg. 

Second, we do not experience the daily mean tempera- 
ture, the average wind velocity, etc. Nor is the weather 
that actually occurs constant for a month or even for a 
day. It is a composite of several variables, particularly 
of the four elenients we employ, and an exact and com- 
plete picture can be obtained only by examining these 
composites as they esist at certain instants of time. It 
is not sufficient even to take the averages of conditions 
that occur a t  certain times of the day. Thus, at St. 
Louis, Mo., at  the re lar morning observation, begun at 
about 6:40 a. m., %ring January, 1907, the average 
cloudiness was 6.6 (according to the scale, 0 to 10,) 
which is partly cloudy accordin to the usual clnssificai- 
tion. However, at only 4 of t a e 31 observations con- 
sidered was the sky actually partly cloudy. We should, 
therefore, e-saniine the frequencies qf t l o  various types of 
weather that occsrr. At first thought it may a pear that 
we have undertaken a hopelesslv complicate (P task; but 
esperience shows that it is possi6le easily and quickly to 
analyze weather observations in this way, lareely because 
the number of t y  es that occur at  a place during a month 

few. 
or other period P ikely to be examined is comparatively 

PROPOSED SCALE FOR CLASSIFICATION OF WEATEER TYPEA 

Each division of the scale under temperature, relative 
humidity, wind velocity, and sunshine and cloudiness 
has definite limits; hence classification depends upon the 
records, not on personal in1 ressions. Each class is 

ing to the writerJs experience. Each o the 720 possible 
types may be conveniently designated b g  a conibjnation 
of four adjectives, or of four letters wit suhscri ts, as 
may be preferred. Thus, ToH+,W0S~ indicates ’Mod- 
erate temperature, humid, quiet, sunny; ” or, more 
definitely, temperature from 60’ to 74’ F., relative 
humidity from 75 to 54 er cent, wind velocity less than 

TABLE 1. 

designated b an appropriate P etter with subscript; and 
is further de H ned by an adjective inter reting it accord- P 

10 miles per hour, and c P ear sky. 
Scale for claesification of weather types 

TEMPERATURE (OF. AND ‘C.) 
~ 

SUNSIIINE AND CLOUDINESS 



432 MON!M€LY WEA!IXER REVIEW Ommm, 19e6 

TABLE 2.--Frcqztsneise of 8slaetsd rpsdhst types, Ban Jose, Calif. In  illustration of the use of the scale, in Tables 2 and 
3 we have a oup of lines for each temperature class 
and a group o F columns for each relative-humidity class. 
Under each temperature head is a line foy each sunshine 
division; and under each humidity head is a column for 
each wind-velocity class. In this wa we provide a sepa- 

many thereof as may be necessary. Suppose we have 
observed temperature S5”, rel. hum. 35 per cent, mnd 
vel. S m. p. h., and clear sky; 85’ determines the T+2 
temperature belt and 35 per cent confines us to the H-l 
humidity group; and the two conditions place us some- 
wherein thefewtypescommon tobelt andgroup: 8 m. p. h. 
selects tho left-hand column of types and clear sky the 
upper spac.e, in whkh we enter a tdly mark. Thus we 
can quiclrly classify a large number of observations. 

In the arrangement used in this case we have empha- 
sized temperature and humidity classes; for all cases in 
any temperature class appear in a belt extending acpss 
the table; and all in a given humidity class appear in a 
certain group of columns. However, all cases of clear 
skies occur in the upper lines of the several belts, all 
cloudy cases in t,he lowest, and partly cloudy cases in the 
middle lines. Similarly, classes of light winds are in left- 
hand columns of groups, while stron er wind cases are 

creases. While the pronlinence of wind and sunshine 
classes c.an be made out with little trouble, these divisions 
could be made more prominent by arran ‘ng beltsor 
groups according to wind and sunshine hea I!? ings. Also, 
if for any reason we wish to investigate combinations Of 
only two or three meteorological elements, we may omit 
the unnecessary division or divisions. For instance, 
temperature and humidity require only a sim le set of 
lines and columns, as we have in Figure 2. &ai,, we 
might substitute pressure or some other weather element 
for any of those we have chosen. 

rate space for each of the 730 weat B er types, or for &g 

placed farther and farther to t,he rig 5 t as strength in- 

APPLICATION OF T H E  SCALE TO WEATHER RECORD8 

This system is herein first applied to the records of the 
Weather Bureau office in San Jose, Calif., for the four 
months, January, April, and July, 1923, and October, 
1921. We may gain nn escellent idea of the weather 
throu,$iout the day by studying the conditions that 
prevad during the warmest hours, the coldest hours, and 
transition hours. A close approximation to this is pro- 
vided by the regular thrice-daily observations begun at 
about 6:40 a. m. (6:lO a. m., from June 1, 1923), local 
mean noon, and 4:40 p. m. Therefore, in Table 2 have 
been entered the frequency numbers of the different types 
of weather observed during the four months considered, 
each set of observations tabulated separately for each 
month, making 12 sections in the table, or, rather, 12 
separate tables. 

For an extended climatic study one should determine 
percentages of frequencies of various types for each 
month or other desired eriods over a term of years. 
The months chosen are, {owever, fairly typical of San 
Jose’s climate, and serve to exemplify the method. 

Beginning with January mornings, we note that ne,arl 

are “cool,” and the remainder are “cold”; nearly all 
have li ht  winds; about one-half are cloudy: about one- 

cool or cold.” 

wind-cloudy t pe. April has man of the same types, or 
of those w i d  the next lower gumidit cbs .  July 
mornings are similar to those of A~jril, gut, *th next 
higher temperature class, “moderate. ’ 

all the 31 cases fall in the “damp” class; over one-h J f 
half f a i  in the two types, “ humid-cloudy-li 

“ Damp ” characterizes 
mornings also, especially numerous 
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The similar t es T,H,WoSo and T-,H,WoSo are 

especially when fog or rainy as well; when in the 
lower temperature Z s s  they are chilly, in the other 
cooling; but the absence of even moderate winds makes 
them not at  all disagreeable. In fact the uiet, damp 

so numerous a t  all times of the year are sedative, par- 
ticularly to a erson that has recently come from a very 

ous in morning in January, is frosty weather. 
At noon and a t  night in January the cold types dis- 

appear, and cool are almost universal. The very fre- 
quent afternoon type T-,HoWoS, is invigorating. 

Higher wind and sunshine classes, with lower humidity 
are more fre uent a t  noon and in afternoon than in d seasons. Particularly worthy of mention 
is the ass at ToHoW,S?, which is noted a t  nearly one-half 
the late afternoon observations in July, at  nearly one- 
fourth of those observations in April, and at  some in 
October. 
ticularly if physical exertion be moderate only. yli 
types with “moderate” or “ c l r  ” as regards humidity 
and “coolJJ for temperature Lvor vigorous physical 
exertion, whether cloudy or sunny, uiet or niod~1.ntely 

and occur in spring and fall also, rarely in midsummer. 
Mental activity is favored by cool or moderate tem- 
perature accompanied b moderate humidity or humid 
air, particularly if w i n l b e  li ht  and the sky sunny; 

Cases under “dry” are most numerous with moderate 
or warm temperatures and sunny skies, while the wind 
is moderate many times, particularly in July. With 
four exceptions a t  noon and four in the afternoon in 
July and two a t  noon in October, all “warm” or “hot” 
observations were in “dry” or “pery dry” classes. 
This decrease of relative humidity with tem erature in- 

gloomy and mig P t be depressing to some temperaments, 

or humid, cloudy or partly cloudy, cool or co 7 d mornings 

dry, hot, win a y climate. The type !l?-2€I+2WoS2, numer- 

Outdoor life in this type is agreeable, 

windy; these are numerous during t sn e day in January 

these types are most ty ical o f San Jose’s climate as tt 
whole, including winter s ays (see January afternoons). 

crease maintains, to a great extent, the reea $ le features 
of moderate temperatures; because o T the increased 

cooling resulting from more rapid eva oration of per- 

b increase of wind velocity, as noted above for July. 
d e  large classes T+,H-, and T+,H, are somewhat too 
warm for the best physical and mental activity; they are 
most enjo ed sittin in the shade, which is still more 

infre uent. 
On P y n few cases fall in the ‘( Very d r -  ” columns. 

Almost all of these occurred in April and ctober with 

spiration from the skin. This cooling is P urther increased 

emphatica 3; y true o Ei cases in “hot” classes, which are 

moderate or warm temperatures. The 
case falls a t  noon in July on n “hotJ’ day. 

cooling effect, on a perspiring skin, is great 
is very dry, the extreme dryness, especially 

if long continued and accompanied by strong winds and 
high t,em erat.ures, is injurious. 
and rougk; li s crack; a phlegmatic erson is stirnulatex 

San Jose is, therefore, fortunate in having few cases in 
the period esamined there were 
dry” classes, which still more 

e results mentioned above. Such 
cases do occur a t  wide intervals. 

No case occurred in temperaturo classes above ‘(hot,” 
among the observat,ions examined. As an additional 
matter of interest the conditions on 10 “very hot” days, 
occurring at  intervals during the past three years, at  
times of t,he masimum temperatures were examined, and 
will be found at  the bottom of Table 2. Relative 
humidity was determined by interpolating for the dew- 
point between the noon and evening observations, be- 
tween which the masimum temperatures always occurred, 
obtaining the probable depression of the webbulb ther- 
mometer from dew-point table, and then the relative 
humidity by the usual method. All 10 casesfell within 
the two types T+,H,S and Wo or W,! 3 and 7, res ec- 
tively, and illustrate tKe usual conditions at  San Pose 
during very hot spells. Being short and infrequent and 
neither escessively dry nor ve windy, these spells pro- 

uncomfortable during the hottest hours of the day. 

The skin becomes d 

nervous peop r e become resti-re and adicted with insomina. 

duce little or no permanent bn ‘x effect, although they are 

TABLE 3.-Forni of table for showing frequencies of 790 selected r imlhor types. Entries in the table are for the meaiis of .6:4O p .  m. 
observations for July during the 3 years 1905-1907, comparing Fresno, Calif., (italic jgures)  with Sun Francisco (bold-face $gures) 

-- 
I Relative humidity and winds 1 
I 

T+I (85” to 059 hot- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
T+I (75O to 8 4 O )  warm _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
To (ao“ to 74”) moderate. _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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Thus we might continue our inquiry into the climate of 

San Jose. Gathering the facta from any one section of a 
table such aa I have prepared for that city is very easy. 

As suggested above, the recording of weather types for 
any one station will usually re uire the use of but a part 

ven station the larger will be the section of the 

When we wish to conzpre  stations (entries in the table 
being made with various types and colors of figures 
corresponding to the stations and months or seasons) it 
may or mav not be necessary to pre are the complete 

instance, in comparing certain low-latitude desert stations 
with certain high-latitude interior continental stntions. 
It would not be necessary in comparing stations having 
very similar climates. For instsnce, if we compare 
conditions at  St. Paul, Minn.. at  6:40 a. m. during 
January, 1907, with those that preyailed at St. Louis, 
Mo., at  the same’time, we need five temperature groups 
(To to T,, inclusive) and three relative humidity groups 

COMPARISON OF CLTMATES 

of the whole range of ty es in x t e com lete classification 
Obviously the greater t 7l e range of ciniatic conditions 

classi at a!?. cation needed. 

form of table for 720 types. It woul Lp be necessary, for 

 om^, 1925 

(H, to &,, inclusive) only. If, however, we compare 
afternoon conditions during July at San F’rancisco, Calif., 
with those existing at  Fresno in the same State at  the 
same time, we require a much lar er section of the table; 
in fact all the humidity classes an the six upper tem er- 
ature oups are necessary, as is shown in Table 11, 
where yhave  made such comparison, using daba for the 
three-year period, 1005-1907. 

Various possibilities of applying graphic methods to 
the depicting of weather types based on the classification 
here proposed, will occur to the reader, though space does 
not, permit of their discussion here. 

F % 

CONCLUSION 

The writer believes that, from a set of weather-ty e 

Snn Jose (at least if frequency ercentages be derived 

of a c1imat.e for health, pleasure, certain industrial and 
agricultural operations and many ot,lier purposes, can be 
ascertained to greater advantage than bv any other 
known method: md,  further, that some such annlysis of 
the originti1 observations is necessary to an adequate 
conception of a climate. 

frequency numbers such as those presented here P or 

from records for several years) t R e degree of suitability 

WEATHER TYPES IN T H E  CLIMATES OF MEXICO, T H E  CANAL ZONE, AND C U B A ’  
By J. ELMER SWITZER, Ph. D. 

[Indiana University, Rloomington, Ind.. December, 19231 

This study of the frequency of weather tv es in the 

Cuba is an effort to determine the actual weather experi- 
enced by the inhabitants of these stations within the 
Tropics. 

As a more systematic attempt is made to develop this 
part of the world, the problem of adjustment by white 
man to the conditions of tro ical climate will become 
more and more important. ‘$he frequency of unfavor- 
able types of weather at  given stations and the frequency 
of interruptions in the sequence by a more favorable ty e 
will become significant in a greater degree. since t K e 
develo ment of the vast resources of the Tropics depends 
upon t t e  ability of rogressive peo les to live and work 

Thus it seems 
that a study of the weather conditions to be encountered 

climate of certain cities in Mexico, the Canal 5 one, and 

in the climatic congtions found t E ere. 

climate of the nine necessary data 
were available, and to determine also in some degree the 
se uences of the various types. The stations are located 
as 4 ollows: Colon and Balboa Heights at  the Atlantic and 
Pacific termini, respectively, of the Canal Zone; Vera Cruz, 
Progreso, and Matamoros, on the east coast of Mesico; 
Salina Cruz and Manzanillo, on the west coast; Mesico 
Cit , on the plateau: and Habana, Cuba. They range 

911 are 
near sea-level except Mexico City, which ha.? an eleva- 
tion of about 7,000 feet above mean sea level.2 

Certain arbitrary classifications of weather types are 
made. All days with mean temperatures (generiilly 

in 9 atitude from about 9’ N. to about 26’ N. 

I Presented before Assoclatlon of American Oeo aphcrs and American Meteorological 
Society, Cincinnati, Ohio, Dee. 27,1923. See BuK Am. Metl. SOC., January, 1924, vol. 

&tarologist of Porto Riw. and J. P; Brennan. of Jamaica, for further data furnish4 
but not Incorporated ln thla’paper; Dr. Charles F. Bmoka for hls helpful suggestion8 IP 
securing and compiling the data. 

taken as (mllJi.+min.)i2) over 68’ F. are classed as 
“hot,” those with mean temperatures between 50’ F. 
and 68’ F. are considered “moderate,” while those with 
mean temperatures between 33’ F. and 50’ F. are 
designated as “cool.” If the wind during the day 
reached a mrtlrimum velocity of 25 miles per hour for 
a five-minute period or longer, the dtty is considered 
“windy.” Days with 0.01 inch or more of rain are 
called rainy days. By combining these factors, the 
following nine weather types are ndopted : Hot-rainy, 
hot-fair-and-windy, hot-fair-and-quiet, moderate-rainy, 
moderate-fair-and-windy, moderate-fair-and-quiet, cool- 
rainy, cool-fair-and-windy, cool-f air-and- uiet. Three 
additional types would be used where t x, e mean tem- 
perature of the day was below 32’ F.: i. e., cold-snowy, 
cold-fair-and-windy, cold-fair-and-quiet. In the stations 
considered in this paper the last three types were not feund. 

It is recognized at  the outset that this classification does 
not include many items it would be desirable to include, 
but with the present practices of compiling and recording 
data, even the above designated information is difficult 
to obtain. 

The weather type each day during the five-year period 
1917-1921, inclusive, was determined and charted for 
each of the nine stationss in the fcrllowin way: The 
temperature of the day was indicated ?$color; red 
representing hot days; green, moderate days, and blue, 
cool days. A windy day was indicated by a s uare, and 
a quiet day by a circle. A rniny day was in 8 icated by 
shadin the circle or square, and an open circle or square 

obtained by counting the whole number of times a type 
occurred each month for the five-year period and com- 
puting the average number of recurrences per year for 
that month. These were plotted on the accompanying 
chart as nearly ns possible in proportion to their frequency 
of occurrence, as computed by 10-day periods. 

stood P or u, fair day. The averages of each type were 

8 The data for Manzsnillo are rrrallable for only a twoand-a-half-year perlod. for 
Habana for four years. Data are lacking for the following other stations: At Vera 
Crur for February, 1918; at Salina Cruz for May and June, 1M; at Balboa Heights [or 
April and October, 1918; and for Colon In April, 1917. 


